Despite increasing insights in genome structure organization, the role of DNA repetitive elements, 2 0 3 1 patients, indicating that we have identified a core set of deregulated genes involved in FSHD 3 2 pathophysiology.
). Similar results were obtained in FSHD1 myotubes, although with a smaller difference Supplemental Table S3 ). Table   1 7 5 S4). Therefore, we further investigated whether the FBXO32 locus could display distinct chromatin 1 7 6 loops at the level of enhancers-promoter in FSHD1. We performed 4C-seq ( Fig. 4D ; Supplemental 1 7 7
Fig. S13B-D; Supplemental Table S1 and S2), showing interaction peaks between enhancers-1 7 8 promoter with higher normalized 4C reads coverage in FSHD1 (Fig. 4E;) . These results were 1 7 9 further corroborated in 3C experiments ( Fig. 4E ), suggesting a strengthening of enhancers-1 8 0 promoter contacts at FBXO32 locus in FSHD1 cells. In line with this observation, the binding of RNA Pol II at FBXO32 promoter and an intragenic differentiation, a trend that is also observed in FSHD2 (Fig. 4G) . Finally, the FBOX32 expression is Although it was not always possible to ascertain the status of the muscle origin used in this study 2 6 5 (see Supplemental Table S1 , sheet "Cell line information"), the majority of the cells used derived 2 6 6 from quadriceps, which in general was asymptomatic. Human primary myoblast cell lines from 2 6 7 healthy donors (CN), patients affected by FSHD1 or FSHD2 were obtained from the Telethon 2 6 8
BioBank of the C. Besta Neurological Institute, Milan, Italy and the Fields Center for FSHD of the cell lines are reported in Supplemental Table S1 ; details on media preparation and FACS analysis 2 7 4
for Desmin staining are provided in Supplemental Methods. The 4C assay was performed as previously described (Splinter et al. 2012) with minor 2 7 8 modifications. A paired-end 4q-D4Z4-specific 4C-sequencing strategy was developed, where one 2 7 9 4C primer was designed to read the single sequence length polymorphism (SSLP) sequences 2 8 0 located shortly upstream (almost 3.5 Kb) of the first D4Z4 repeat on 4q or 10q-D4Z4 arrays Supplemental Table S1 ). Two donor muscle cell lines of CN 2 8 3 (CN-3, CN-4) and FSHD1 (FSHD1-3, FSHD1-4) human primary myoblasts (3.5 x 10 6 per sample) 2 8 4 nuclei were processed. Five biological replicates (start to finish experiments) for each cell line were Fig. 3A ). For FBXO32 4C-seq, we designed specific 4C primers as 2 8 6 indicated in Supplemental Table S1 . Two donor muscle cell lines of CN (CN-3, CN-4) and FSHD1 2 8 7 (FSHD1-3, FSHD1-4) human primary myoblasts (3.5 x 10 6 per sample) nuclei were processed. From one to two biological replicates (start to finish experiments) for each cell line were performed. Hind III and Dpn II were used for enzymatic digestions. 4C samples were amplified using the bait The paired-end 4q-D4Z4-specific 4C-seq reads were de-multiplexed based on the 4C bait reading 2 9 7 primer that included the restriction site sequence. All reads were then trimmed and read pairs 2 9 8 belonging to 4q-D4Z4, 10q-D4Z4 and 4q alleles were identified using SSLP reading mate (Read 1) 2 9 9 (Supplemental Fig. S1 ; Supplemental Table S1 ) where no mismatch for the genotype sequence were assessed using Pearson correlation and cis/overall ratio (see Supplemental Methods). High Hall 2010) and overlapping regions between donor muscle cell lines (CN-3 vs CN-4 and FSHD1-3 3 0 7 vs FSHD1-4) after removing overhangs were considered as high-confidence interacting domains. The interacting genes were defined as those that fall within the coordinates of these domains. Comparative analyses were performed between the 4q-D4Z4 alleles interactomes and also 3 1 0 between the 4q and 10q-D4Z4 interactomes (see Supplemental Methods). The paired-end FBXO32 4C-seq reads were demultiplexed based on the 4C bait reading primer 3 1 2 that includes the restriction site sequence. All reads were trimmed and reads from the biological were assessed using Pearson correlation and cis/overall ratio. Cis-interacting domains were selected. Full lists of interactions are available in Supplemental Table S2 . For more details, see Supplemental Table S6 . For more details, see Supplemental Methods. We generated ChIP-seq datasets for CN myoblasts (MB) and myotubes (MT) day 4 for the 3 3 8 following histone marks: H3K36me3, H3K4me3 and H3K27me3. H3K36me3, H3K4me1, H3K27ac, 3 3 9
H3K4me3 and H3K27me3 datasets were generated for FSHD1 myoblasts and myotubes day 4. The following already published ChIP-seq datasets from ENCODE were used: H3K4me1 of human For visualization of ChIP-seq tracks of independent samples, reads were normalized using bins 3 4 6 per million mapped reads (BPM), same as TPM in RNA-seq, and to ensure fair comparison 3 4 7 between all datasets, were further normalized to the respective input to produce coverage files 3 4 8 reporting the log 2 ratio of normalized read number between samples and inputs using 3 4 9 bamCompare module. Quality and reproducibility assessment were done using deepTools2 We used ChromHMM (Ernst and Kellis 2012) with default parameters to derive genome-wide 3 5 5 chromatin states maps of CN and FSHD1 myoblasts and myotubes. We used the 5 histone marks 3 5 6
H3K36me3, H3K4me1, H3K27ac, H3K4me3 and H3K27me3, as well as the respective input files, and binarized the data with BinarizeBed. We chose 15 states as the optimal number according to Calculations of pairwise Jaccard were performed with BEDTools. In order to define whether CN and FSHD1 cells showed differences at gene chromatin state level, we took CN data as reference to search for specific switches in FSHD1. We intersected chromatin other condition (FSHD1 MB or MT) in a reciprocal manner. We thus performed BEDTools intersect 3 7 4 using -f .60 -r thus requiring that at least 60% of a state in CN MB or MT recovered a state in 3 7 5 FSHD1 MB or MT in a reciprocal manner. In this way, identical states in the CN versus FSHD1 versus FSHD1 comparison (switching states in the CN/FSHD1 comparison) were retrieved. We focused on chromatin state switches between conditions ( Supplemental Table S4 ) and added 3 7 9 directionality to the chromatin state switches (that we chose to be active or repressive switches).
We grouped the states into 3 main categories: promoters, enhancers and enhancer priming. The as being the "major state" for a given gene. We grouped those major states into the 2 categories of RNA-seq studies were performed on the same donor muscle cell lines used for 4C-seq and ChIP- and myotubes day 4. Briefly, total RNA was isolated using the miRNA Tissue kit on an automated Maxwell RSC extractor, following the manufacturer's instructions. RNA integrity was assessed on TapeStation. Subsequently, RNA for each donor muscle cell line was used to generate single-end values used in downstream analyses ( Supplemental Table S4 ; Supplemental Table S5 ). For more summarizing GO term for the group. Full lists of GO terms and associated genes are available in 4 1 8 Supplemental Table S5 . Supplemental Table S5 ). We tested if those genes were significantly enriched in a gene GSE21496; Supplemental Table S5 ; (Reich et al. 2010) ). We also tested the association of our To produce probes for 3D multicolor DNA FISH we used the following BAC DNA clones (BACPAC Supplemental Table S3 . Details on 3D multicolor DNA FISH protocol and NuCLεD algorithm The 3C assay was performed as previously described (Cortesi and Bodega 2016) with minor replicates for each cell line was done. Digestion was performed using Hind III. A reference 4 5 7 template was generated by digesting, mixing and ligating a BAC covering the genomic region of ( Supplemental Table S6 ) on a Veriti 96-Well Thermal Cycler. The PCR products were 4 6 2 densitometrically quantified using the ImageJ software. Data are presented as the ratio of temperature. Transfection complexes were then added to the cells and incubated at 37 °C for 48 h. The primer pairs used for PCR or qRT-PCR amplifications are shown in Supplemental Table S6 . To determine the significance between two groups, we used Wilcoxon matched-pairs signed rank All reads were assessed for quality using FastQC and processed using Trimmomatic. They were 4 8 9
aligned to the human genome (hg19) using either Bowtie 2 (Langmead and Salzberg 2012) or 4 9 0 STAR 2.3.0e (Dobin et al. 2013) . Aligning to GRCh38 is expected to provide similar results, as only 4 9 1 a small number of bases change genome-wide with the major difference between the releases is in under the accession number SRP117155. Italy), in particular C. Cordiglieri, for assistance during 3D multicolor DNA FISH images acquisition. Health (GR-2011-02349383). the data and wrote the manuscript. The authors declare no competing financial interests. 
